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(54) HYPERFINE PARTICLE LOW RESISTANT TIN DOPE INDIUM OXIDE POWDER AND PRODUCTION 
THEREOF 

(57)Abstract: 

PURPOSE: To provide hyperfine particle low resistant tin dope indium oxide powder and production thereof. 
CONSTITUTION: Mixed water solution of indium chloride and tin chloride and ammonium carbonate are mixed to 
coprecipitate hydroxides of indium and tin at 5-95°C under the conditions that the final pH is 2-8 and the precipitate 
is heat-decomposed, causing hyperfine particle low resistant tin dope indium oxide powder (ITO powder) having 
0.005-0.3 Sn/ln composition ratio >10m2/g specific surface area (BET value), <70Qcm specific resistance, <0.1% 
impurity chlorine, <10ppm impurity sodium and potassium and <10ppm free indium and tin. Since the ITO powder is 
hyperfine particles of <0.08|jm particle diameter, preferably of <0.03um and has high conductivity of <70Qcm, 
preferably of <15Qcm, resin or coating material where the powder is dispersed has excellent transparency and 
conductivity to get resin or a conductive coated film without deterioration with the elapse of time such as 
discoloration. 



* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Super-particle low resistance tin dope indium oxide powder whose specific resistance specific surface 
area (BET value) is below 70-ohmcm more than 10m2/g and whose indium and tin of 10 ppm or less and isolation 
presentation ratio Sn/ln is 0.005-0.3, and 0.1% or less, sodium, and a potassium are 10 ppm or less for the chlorine 
of an impurity. 

[Claim 2] Super- particle low resistance tin dope indium oxide powder of claim 1 whose presentation ratio Sn/ln is 
0.01-0.1 and whose specific resistance specific surface area (BET value) is below 15-ohmcm more than 25m2/g. 
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[Claim 3] The manufacture approach of the super-particle low resistance tin dope indium oxide powder which is 
made to carry out coprecipitation of the hydroxide of an indium and tin by mixing with indium chloride, and the mixed 
water solution of tin chloride and an ammonium carbonate, and is characterized by decomposing this precipitate 
thermally. 

[Claim 4] The manufacture approach of claim 3 that coprecipitation temperature is 5 degrees C - 95 degrees C, and 
the last pH of a coprecipitation reaction is 2-8. 

[Claim 5] The manufacture approach of claims 3 or 4 that thermal decomposition temperature is 400 degrees C - 
950 degrees C, and thermal decomposition time amount is 30 minutes - 8 hours. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] As for this invention, specific surface area (BET value) is preferably related [ a BET value ] 
with the tin dope indium oxide (ITO) powder and process of the super-particle low resistance whose specific 
resistance is below 15-ohmcm by specific resistance more than 25m2/g below 70-ohmcm more than 10m2/g. The 
above-mentioned ITO powder is excellent in dispersibility, and the coating which distributed this powder has the 
outstanding transparency and conductivity, and can fonn a paint film stable for a long time. 
[0002] 

[The conventional technique and a trouble] Conventionally, as a general process of super-particle ITO powder, alkali 
water solutions, such as a sodium hydroxide and a potassium hydroxide, are added to the mixed water solution of 
lnCI3 and SnCI4, coprecipitation of the hydroxide of In and Sn is carried out, and the method of decomposing this 
precipitate thermally and obtaining the above-mentioned ITO powder is learned. The sodium chloride or potassium 
chloride which carried out the byproduction at this time is producing commercially the precipitate which repeated 
washing in cold water frequently with the decantation, the centrifuge method, etc., and was removed and filtered 
through the process of desiccation, baking, and grinding. The particle size of the above-mentioned powder is 
adjusted by controlling the above-mentioned reaction temperature and burning temperature. Moreover, since 
tetravalent Sn4+ carries out permutation arrangement of the electric conduction device of ITO to the trivalent In3+ 
site of 20ln3 crystal and it works as a donor of n form, low resistance-ization is performed when the specific 
resistance of ITO powder adjusts presentation ratio Sn/ln within the limits of 0.005-0.3. 

[0003] However, there was a limitation in specific resistance (50kg/cm2 of green compacts) obtaining super-particle 
ITO powder small enough as the 1st trouble with the conventional ITO powder. That is, by the conventional 
approach, even if NaCI which carried out the byproduction at the time of precipitate, or KCI is incorporated in the grid 
of the hydroxide of In and Sn which coprecipitated and fully rinses with a decantation or a centrifuge method, in 
order that CI, Na, or K may remain 0.05% or more at least, respectively, it becomes the factor from which this 
prevents conductivity, and the super-particle ITO powder with specific resistance small enough is not obtained. 
Especially the chlorine of an impurity serves as Cl-ion, the charge of Sn4+ ion is taken, and it considers as Sn3+ ion, 
and since a carrier electron pair is extinguished, conductivity falls. 1000 degrees C or more in order that these may 
act as sintering acid, remarkable grain growth takes place at the temperature of 650 degrees C or more, and in 
order that powder may coarse-grain-ize impurity chlorine, it becomes impossible to obtain the small ultrafine particle 
ITO powder of specific resistance furthermore, if Na and K live together 0.1% or more simultaneously although it 
can be made to **** compulsorily at an elevated temperature. In order that anion CI- to contain may mainly form 
cation Na+, K+, In3+ and Sn4+, and ionic bond as the 2nd trouble, When this powder was mixed to resin, and it 
considered as a Plastic solid or coating-ized, there was a trouble which Na+, K+, In3+, Sn4+, and CI- are eluted, 
and is easy to cause aging, such as discoloration of resin, cloudiness, and degradation, in the interior of a Plastic 
solid and a paint film. 
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[0004] Solution technical-problem] this invention of [invention solves the above-mentioned trouble in the 
conventional ITO powder, and particle size is a particle 0.03 micrometers or less preferably, and aims 0.08 
micrometers or less at specific resistance offering the ultrafine particle ITO powder which was preferably excellent in 
the conductivity below 15-ohmcm, and its process below 70-ohmcm. 
[0005] 

The solution means of [problem: Configuration] of invention According to this invention, presentation ratio Sn/ln is 
0.005-0.3, specific surface area (BET value) is [ specific resistance ] below 70-ohmcm more than 10m2/g, and the 
super-particle low resistance tin dope indium oxide powder whose indium and tin of 10 ppm or less and isolation 
0.1% or less, sodium, and a potassium are 10 ppm or less for the chlorine of an impurity is offered. Moreover, 
according to this invention, coprecipitation of the hydroxide of an indium and tin is carried out by mixing with indium 
chloride, and the mixed water solution of tin chloride and an ammonium carbonate, and the manufacture approach 
of the super-particle low resistance tin dope indium oxide powder characterized by decomposing this precipitate 
thermally is offered. 

[0006] The ITO powder of this invention carries out coprecipitation of the hydroxide of an indium and tin by mixing 
with indium chloride, and the mixed water solution of tin chloride and an ammonium carbonate, and is obtained by 
decomposing this precipitate thermally. By dropping the mixed water solution of indium chloride lnCI3 and tin 
chloride SnCI4 into the water solutions of the ammonium carbonate 3, i.e., ammonium-carbonate (NH4) 2CO, 
ammonium bicarbonate NH4HC03, and ammonium carbamate H2NC02NH4, or these mixed water solutions, 
coprecipitation of the hydroxide of an indium and tin is carried out, and, specifically, it is obtained by rinsing and 
grinding [ dry, calcinate and ] this sediment with a decantation or a centrifuge method. 

[0007] lnCI3 water solution and SnCI4 water solution which are used for this invention can use a commercial item. 
What is necessary is just lnCI3 common water solution and SnCI4 water solution. In addition, lnCI3 water solution 
may use what dissolved in 12 N-HCI and the 220 - 280 weight section, and obtained Metal In and the 100 weight 
sections. lnCI3 water solution and SnCI4 water solution are mixed so that presentation ratio Sn/CI in powder may be 
set to 0.005-0.3. concrete - the lnCI3,100 weight section - receiving - SnCI 4 and 1-10 weight sections - it is 
preferably adjusted to the range of 3 - 8 weight section. The specific resistance of the ITO powder obtained when it 
separated from this range becomes high. 

[0008] As a carbonate, ammonium-carbonate (NH4) 2C03, ammonium bicarbonate NH4HC03, H2NC02IMH(s)4, 
or such mixture are used, these carbonates - lnCI3-SnCI4 - receiving - the equivalent to the 2.5 time equivalent - 
using it - last 2-pH 8 - it is preferably adjusted to the range of 3-6. Moreover, HCI, HN03, H2S04, CH3Cs OOH, or 
these mixed acids may adjust adjustment of Last pH in predetermined pH range. It is not desirable in order that a 
precipitate particle may remelt, when Last pH is lower than 2. Moreover, since desorption of carbon dioxide gas is 
not performed but super-atomization and dechlorination become impossible in case precipitate is calcinated, since 
the carbonic acid root in precipitate dissolves as HC03- or C032- of an anion when pH exceeds 8, it is not 
desirable. By using the above-mentioned carbonate, by making precipitate containing the carbonate in which OH- in 
the hydroxide grid of In and Sn which coprecipitated carried out permutation arrangement by HC03- or C032- 
selectively form, atomization is attained by desorption of carbon dioxide gas at the time of baking, and in this 
invention, since specific surface area becomes large, dechlorination becomes easy. 

[0009] The temperature of a coprecipitation reaction is within the limits of 5 to 95 degrees C, and is within the limits 
of 10 to 90 degrees C preferably. When temperature is lower than this, the nucleation of precipitate is inadequate, 
and yield also falls. On the other hand, since carbonic acid decomposes and cartonation is not fully performed 
when reaction temperature is higher than this range, it is not desirable. In addition, after making precipitate generate 
at low temperature, you may raise to the above-mentioned reaction temperature range. 

[0010] Sediment generated by the above-mentioned approach is rinsed by general cleaning methods, such as a 
decantation or a centrifuge method, after recovery. Washing is performed until the conductivity of filtrate becomes 
eventually more than 2000-ohmcm, but it is washed until it becomes preferably more than 5000-ohmcm. Since 
NH4CI which carried out the byproduction is not removed enough, CI content after baking is set to 1 00 ppm or more 
and a result in which In3+ and Sn4+ 10 ppm or more of elution nature are contained, respectively is brought when 

3/10 



JP-A-5-201731 

the conductivity of precipitate is smaller than this, it is difficult to obtain the ITO powder which has stable physical 
properties. 

[0011] Thermal decomposition is calcinated within the limits of 8 hours from 30 minutes within the limits of 400 to 
950 degrees C, and is preferably calcinated within the limits of 1 to 6 hours within the limits of 500 to 850 degrees C. 
Since it becomes imperfect insufficiently dechlorinating crystallization of ITO when burning temperature is lower 
than this range, specific resistance becomes large and is not more desirable than 15-ohmcm. Moreover, since a 
particle coarse-grain-izes, specific surface area (BET value) becomes smallerthan 10m2/g and particle size is set to 
about 0.08 micrometers or more when burning temperature is higher than this range, it is difficult to obtain ultrafine 
particle ITO fine particles. When burning temperature is 500 degrees C - 850 degrees C, the specific surface area 
(BET value) of a particle becomes more than 25m2/g, and ultrafine particle ITO powder about 0.03 micrometers or 
less is obtained for particle size. 

[0012] They are SnCI4 and 33g of 60wt% water solutions to this indium chloride solution after adding example 1ln 
metal 200g to 12 N-HCI and 600 cc and dissolving it thoroughly. In addition, lnCI3-SnCI4 (Sn/ln ratio: 0.05) mixed 
solution was prepared. Next, 500g NH4HC03 is dissolved in ion exchange water, and it is 4.5I. of volume. It 
adjusted to the temperature of 30 degrees C. It was dropped stirring the whole quantity of the lnCI3-SnCI4 
above-mentioned liquid for about 20 minutes in this water solution, precipitate was made to generate, and it stirred 
for 30 minutes further as it is. At this time, the last pH of reaction mixture was 4.5. Precipitate was collected, 
centrifugal filtration was performed, adding and washing ion exchange water, after dehydrating with a centrifugal 
separator, and centrifugal filtration was ended in the place which the conductivity of filtrate arrived at more than 
5000-ohmcm. Subsequently, after drying this precipitate at 100 degrees C overnight, at 600 degrees C, it calcinated 
for 3 hours, it ground, and 21 3g of ITO powder was obtained. The specific surface area of this powder is 38.8m2/g, 
the first [ an average of ] particle size is 0.023 micrometers, and specific resistance (green compact 50 kg/cm2) is 
1 .8. It was omegacm. When distilled water was made to distribute 1.0g of this powder, supersonic vibration was 
given for 20 minutes and the leached moiety was analyzed, it is Cl:1 3ppm, ln:8ppm, and less than [ Sn:1 ppm ], and 
Na and K were not detected. Next, this ITO After having used the heat roll for vinyl chloride resin, kneading 2g of 
powder by 130 ** and pressing it in 0.3mm, when aging of the color under a high-humidityAemperature environment 
was examined by leaving it for 20 days under conditions with a% [ of humidity ] of 80, and a temperature of 60 
degrees C, rt was checked that the color of resin changes at all and is stable. Moreover, what mixed 12g of this ITO 
powder in 40g (1 0% of resin solid content) of polyester coatings was put into the container, and it birred for 20 hours 
using alumina-balls 100g of 10mmphi. After having used the wire bar, applying to polyester film with a thickness of 
75 micrometers and seasoning naturally to it after that, it dried for 5 hours and 90 degrees C of paint films with a 
thickness of 1 .2 micrometers were formed. The haze value of this paint film was 8.8%, and surface electrical 
resistance was 7.6x1 03ohm/**. 

[0013] SnCI4 and 200g of 60wt% water solutions were added to lnCI3 solution prepared like example 2 example 1, 
and lnCI3-SnCI4 (Sn/ln ratio: 0.3) mixed solution was prepared. On the other hand, 550g 2(NH4) C03 was 
dissolved in ion exchange water, and it adjusted to volume of 91., and the temperature of 5 degrees C. It was 
dropped for about 10 minutes, stirring the whole quantity of the lnCI3-SnCI4 above-mentioned liquid in this water 
solution, the hydrochloric acid was added further, and Last pH was adjusted to 2.0. It ground, after having collected, 
filtering and drying and calcinating precipitate at 400 degrees C for 8 hours like [ after carrying out temperature up of 
this mixed solution to 95 degrees C and riping for 30 minutes ] an example 1 , and 194g of ITO powder was obtained. 
The specific surface area of this powder was 72.3m2/g, the first [ an average of ] particle size was 0.012 
micrometers, and specific resistance (green compact 50 kg/cm2) was 15-ohmcm. Moreover, the results of the 
ultrasonic elution test of this powder are Cl:44ppm, ln:7ppm, and less than [ Sn:1ppm ], and Na and K were not 
detected. The color of resin changes at all and was stable, when the high-humidity/temperature trial was performed 
after kneading and pressing in vinyl resin on the same conditions as an example 1 using this ITO powder. Moreover, 
the paint film with a thickness of 1 .4 micrometers was formed with the coating prepared on the same conditions as 
an example 1 using this ITO powder. The haze value of this paint film was 8.0%, and surface electrical resistance 
was 9.1x103ohm/** 
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[0014] SnCI4 and 66g of 60wt% water solutions were added to lnCI3 solution prepared like example 3 example 1, 
and lnCI3-SnCI4 (Sn/ln ratio: 0.10) mixed solution was prepared. On the other hand, 1400g NH4HC03 was 
dissolved in ion exchange water, and it adjusted to volume of 9L, and the temperature of 95 degrees C. It is dropped 
for about 10 minutes, stirring the whole quantity of the lnCI3-SnCI4 above-mentioned liquid in this water solution, 
dilute hydrochloric acid is added further, and it is Last pH 6.0 It adjusted. Then, it ground, after having collected, 
filtering and drying and calcinating precipitate for 30 minutes at 950 degrees C like an example 1, and 21 7g of ITO 
powder was obtained. The specific surface area of this powder was 25.6m2/g, the first [ an average of ] particle size 
was 0.029 micrometers, and specific resistance (green compact 50 kg/cm2) was 1.3-ohmcm. Moreover, the result 
of the ultrasonic elution test of this powder is Cl:6ppm, In and Sn are 1 ppm or less, and Na and K were not 
detected. The color of resin changes at all and was stable, when the high-humidityAemperature trial was performed 
after kneading and pressing in vinyl resin on the same conditions as an example 1 using this ITO powder. Moreover, 
the paint film with a thickness of 1 .2 micrometers was formed with the coating prepared on the same conditions as 
an example 1 using this ITO powder. The haze value of this paint film was 9.4%, and surface electrical resistance 
was 7.4x1 03ohm/**. 

[0015] SnCI4 and 3.3g of 60wt% water solutions were added to lnCI3 solution prepared like example 4 example 1 , 
and lnCI3-SnCI4 (Sn/ln ratio: 0.005) mixed solution was prepared. On the other hand, 1400g NH4HC03 was 
dissolved in ion exchange water, and it adjusted to volume of 91., and the temperature of 95 degrees C. It is dropped 
for about 10 minutes, stirring the whole quantity of the lnCI3-SnCI4 above-mentioned liquid in this water solution, 
dilute hydrochloric acid is added further, and it is Last pH 8.0 It adjusted. Then, it ground, after having collected, 
filtering and drying and calcinating precipitate for 30 minutes at 600 degrees C like an example 1, and 230g of ITO 
powder was obtained. The specific surface area of this powder was 25.6m2/g, the first [ an average of ] particle size 
was 0.029 micrometers, and specific resistance (green compact 50 kg/cm2) was 60-ohmcm. moreover, the result of 
the ultrasonic elution test of this powder - Cl:390ppm, ln:9ppm, and Sn:7ppm it is - Na and K were not detected. 
This ITO The color of resin changes at all and was stable, when the high-humidityAemperature trial was performed 
after kneading and pressing in vinyl resin on the same conditions as an example 1 using powder. Moreover, the 
paint film with a thickness of 1 .2 micrometers was formed with the coating prepared on the same conditions as an 
example 1 using this ITO powder. The haze value of this paint film was 9.4%, and surface electrical resistance was 
2.1x1 04ohm/**. 

[0016] They are NaOH and 250g about example of comparison 1NH4HC03. The coprecipitation reaction was 
earned out like the example 1 except having changed, the last pH at this time - 7.4 it was . Precipitate was 
succeedingly washed like the example 1, it dried and calcinated, and 220g of ITO powder was obtained. The 
specific surface area of this powder was 28.1m2/g, the first [ an average of ] particle size was 0.029 micrometers, 
and specific resistance (green compact 50 kg/cm2) was 100-ohmcm. Moreover, the result of the ultrasonic elution 
test of this powder was Cl:0.2wt% and ln:0.05wt% and Sn:0.01wt%, and Na was 0.1wt(s)%. After kneading and 
pressing in vinyl resin on the same conditions as an example 1 using this ITO powder, when the 
high-humidityAemperature trial was performed, the color of resin was discolored a little green. Moreover, the paint 
film with a thickness of 1 .4 micrometers was formed with the coating prepared on the same conditions as an 
example 1 using this ITO powder. The haze value of this paint film was 14.6%, and surface electrical resistance was 
9.7x1 04ohm/**. 

[0017] They are NaOH and 250g about example of comparison 2NH4HC03. The coprecipitation reaction was 
carried out like the example 1 except having changed. The last pH at this time was 7.4. Then, precipitate was 
washed like the example 1 , after desiccation, it calcinated at 950 degrees C and 220g of ITO powder was obtained. 
The specific surface area of this powder was 4cm2/g, the first [ an average of ] particle size was 0.25 micrometers, 
and specific resistance (green compact 50 kg/cm2) was 10-ohmcm. Moreover, the result of the ultrasonic elution 
test of this powder was Cl:0.12wt% and ln:0.05wt% and Sn:0.01wt%, and Na was 0.1wt(s)%. When the 
high-humidityAemperature trial was performed after kneading and pressing in vinyl resin on the same conditions as 
an example 1 using this ITO powder, the color of resin was discolored a little green. Moreover, the paint film with a 
thickness of 1 .4 micrometers was formed with the coating prepared on the same conditions as an example 1 using 
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this ITO powder The haze value of this paint film was 22.3%, and surface electrical resistance was 9.7x1 03ohm/** 
[0018] 

[Effect of the Invention] Specific surface area (BET value) has the transparency and conductivity the resin with which 
the ITO powder of this invention is below 15-ohmcm more than 25m2/g preferably below 70-ohmcm more than 
10m2/g, and specific surface area (BET value) distributed [ specific resistance ] this powder, and a coating excelled 
[ conductivity ] in specific resistance, and resin without aging, such as discoloration, and a conductive paint film are 
obtained. 



TECHNICAL FIELD 



[Industrial Application] As for this invention, specific surface area (BET value) is preferably related [ a BET value ] 
with the tin dope indium oxide (ITO) powder and process of the super-particle low resistance whose specific 
resistance is below 15-ohmcm by specific resistance more than 25m2/g below 70-ohmcm more than 10m2/g. The 
above-mentioned ITO powder is excellent in dispersibility, and the coating which distributed this powder has the 
outstanding transparency and conductivity, and can form a paint film stable for a long time. 




EFFECT OF THE INVENTION 



[Effect of the Invention] Specific surface area (BET value) has the transparency and conductivity the resin with which 
the ITO powder of this invention is below 15-ohmcm more than 25m2/g preferably below 70-ohmcm more than 
10m2/g, and specific surface area (BET value) distributed [ specific resistance ] this powder, and a coating excelled 
[ conductivity ] in specific resistance, and resin without aging, such as discoloration, and a conductive paint film are 
obtained. 



TECHNICAL PROBLEM 



[The conventional technique and a trouble] Conventionally, as a general process of super-particle ITO powder, alkali 
water solutions, such as a sodium hydroxide and a potassium hydroxide, are added to the mixed water solution of 
lnCI3 and SnCI4, coprecipitation of the hydroxide of In and Sn is carried out, and the method of decomposing this 
precipitate thermally and obtaining the above-mentioned ITO powder is learned. The sodium chloride or potassium 
chloride which carried out the byproduction at this time is producing commercially the precipitate which repeated 
washing in cold water frequently with the decantation, the centrifuge method, etc., and was removed and filtered 
through the process of desiccation, baking, and grinding. The particle size of the above-mentioned powder is 
adjusted by controlling the above-mentioned reaction temperature and burning temperature. Moreover, since 
tetravalent Sn4+ cairies out permutation arrangement of the electric conduction device of ITO to the trivalent In3+ 
site of 20ln3 crystal and it works as a donor of n form, low resistance-ization is performed when the specific 
resistance of ITO powder adjusts presentation ratio Sn/ln within the limits of 0.005-0.3. 

[0003] However, there was a limitation in specific resistance (50kg/cm2 of green compacts) obtaining super-particle 
ITO powder small enough as the 1st trouble with the conventional ITO powder. That is, by the conventional 
approach, even if NaCI which carried out the byproduction at the time of precipitate, or KCI is incorporated in the grid 
of the hydroxide of In and Sn which coprecipitated and fully rinses with a decantation or a centrifuge method, in 
order that CI, Na, or K may remain 0.05% or more at least, respectively, it becomes the factor from which this 
prevents conductivity, and the super-particle ITO powder with specific resistance small enough is not obtained. 
Especially the chlorine of an impurity serves as Cl-ion, the charge of Sn4+ ion is taken, and it considers as Sn3+ ion, 
and since a carrier electron pair is extinguished, conductivity falls. 1000 degrees C or more in order that these may 
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act as sintering acid, remarkable grain growth takes place at the temperature of 650 degrees C or more, and in 
order that powder may coarse-grain-ize impurity chlorine, it becomes impossible to obtain the small ultrafine particle 
ITO powder of specific resistance furthermore, if Na and K live together 0.1% or more simultaneously although it 
can be made to **** compulsorily at an elevated temperature. In order that anion CI- to contain may mainly form 
cation Na+, K+, In3+ and Sn4+, and ionic bond as the 2nd trouble, When this powder was mixed to resin, and it 
considered as a Plastic solid or coating-ized, there was a trouble which Na+, K+, In3+, Sn4+, and CI- are eluted, 
and is easy to cause aging, such as discoloration of resin, cloudiness, and degradation, in the interior of a Plastic 
solid and a paint film. 

[0004] Solution technical-problem] this invention of [invention solves the above-mentioned trouble in the 
conventional ITO powder, and particle size is a particle 0.03 micrometers or less preferably, and aims 0.08 
micrometers or less at specific resistance offering the ultrafine particle ITO powder which was preferably excellent in 
the conductivity below 15-ohmcm, and its process below 70-ohmcm. 
[0005] 

The solution means of [problem: Configuration] of invention According to this invention, presentation ratio Sn/ln is 
0.005-0.3, specific surface area (BET value) is [ specific resistance ] below 70-ohmcm more than 10m2/g, and the 
super-particle low resistance tin dope indium oxide powder whose indium and tin of 10 ppm or less and isolation 
0.1% or less, sodium, and a potassium are 10 ppm or less for the chlorine of an impurity is offered. Moreover, 
according to this invention, coprecipitation of the hydroxide of an indium and tin is carried out by mixing with indium 
chloride, and the mixed water solution of tin chloride and an ammonium carbonate, and the manufacture approach 
of the super-particle low resistance tin dope indium oxide powder characterized by decomposing this precipitate 
thermally is offered. 

[0006] The ITO powder of this invention carries out coprecipitation of the hydroxide of an indium and tin by mixing 
with indium chloride, and the mixed water solution of tin chloride and an ammonium carbonate, and is obtained by 
decomposing this precipitate thermally. By dropping the mixed water solution of indium chloride lnCI3 and tin 
chloride SnCI4 into the water solutions of the ammonium carbonate 3, i.e., ammonium-carbonate (NH4) 2CO, 
ammonium bicarbonate NH4HC03, and ammonium carbamate H2NC02NH4, or these mixed water solutions, 
coprecipitation of the hydroxide of an indium and tin is carried out, and, specifically, it is obtained by rinsing and 
grinding [ dry, calcinate and ] this sediment with a decantation or a centrifuge method. 

[0007] lnCI3 water solution and SnCI4 water solution which are used for this invention can use a commercial item. 
What is necessary is just lnCI3 common water solution and SnCI4 water solution. In addition, lnCI3 water solution 
may use what dissolved in 12 N-HCI and the 220 - 280 weight section, and obtained Metal In and the 100 weight 
sections. lnCI3 water solution and SnCI4 water solution are mixed so that presentation ratio Sn/CI in powder may be 
set to 0.005-0.3. concrete - the lnCI3,100 weight section - receiving - SnCI 4 and 1 - 10 weight sections - it is 
preferably adjusted to the range of 3 - 8 weight section. The specific resistance of the ITO powder obtained when it 
separated from this range becomes high. 

[0008] As a carbonate, ammonium-carbonate (NH4) 2C03, ammonium bicarbonate NH4HC03, H2NC02NH(s)4, 
or such mixture are used, these carbonates ~ lnCI3-SnCI4 - receiving - the equivalent to the 2.5 time equivalent - 
using it - last 2-pH 8 - it is preferably adjusted to the range of 3-6. Moreover, HCI, HN03, H2S04, CH3Cs OOH, or 
these mixed acids may adjust adjustment of Last pH in predetermined pH range. It is not desirable in order that a 
precipitate particle may remelt, when Last pH is lower than 2. Moreover, since desorption of carbon dioxide gas is 
not performed but super-atomization and dechlorination become impossible in case precipitate is calcinated, since 
the carbonic acid root in precipitate dissolves as HC03- or C032- of an anion when pH exceeds 8, it is not 
desirable. By using the above-mentioned carbonate, by making precipitate containing the carbonate in which OH- in 
the hydroxide grid of In and Sn which coprecipitated carried out permutation arrangement by HC03- or C032- 
selectively form, atomization is attained by desorption of carbon dioxide gas at the time of baking, and in this 
invention, since specific surface area becomes large, dechlorination becomes easy. 

[0009] The temperature of a coprecipitation reaction is within the limits of 5 to 95 degrees C, and is within the limits 
of 10 to 90 degrees C preferably. When temperature is lower than this, the nucleation of precipitate is inadequate, 
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and yield also falls. On the other hand, since carbonic acid decomposes and carbonation is not fully performed 
when reaction temperature is higher than this range, it is not desirable. In addition, after making precipitate generate 
at low temperature, you may raise to the above-mentioned reaction temperature range. 

[0010] Sediment generated by the above-mentioned approach is rinsed by general cleaning methods, such as a 
decantation or a centrifuge method, after recovery. Washing is performed until the conductivity of filtrate becomes 
eventually more than 2000-ohmcm, but it is washed until it becomes preferably more than 5000-ohmcm. Since 
NH4CI which carried out the byproduction is not removed enough, CI content after baking is set to 1 00 ppm or more 
and a result in which In3+ and Sn4+ 1 0 ppm or more of elution nature are contained, respectively is brought when 
the conductivity of precipitate is smaller than this, it is difficult to obtain the ITO powder which has stable physical 
properties. 

[0011] Thermal decomposition is calcinated within the limits of 8 hours from 30 minutes within the limits of 400 to 
950 degrees C, and is preferably calcinated within the limits of 1 to 6 hours within the limits of 500 to 850 degrees C. 
Since it becomes imperfect insufficiently dechlorinating crystallization of ITO when burning temperature is lower 
than this range, specific resistance becomes large and is not more desirable than 15-ohmcm. Moreover, since a 
particle coarse-grain-izes, specific surface area (BET value) becomes smaller than 1 0m2/g and particle size is set to 
about 0.08 micrometers or more when burning temperature is higher than this range, it is difficult to obtain ultrafine 
particle ITO fine particles. When burning temperature is 500 degrees C - 850 degrees C, the specific surface area 
(BET value) of a particle becomes more than 25m2/g, and ultrafine particle ITO powder about 0.03 micrometers or 
less is obtained for particle size. 

[0012] They are SnCI4 and 33g of 60wt% water solutions to this indium chloride solution after adding example 1ln 
metal 200g to 12 N-HCI and 600 cc and dissolving it thoroughly. In addition, lnCI3-SnCI4 (Sn/ln ratio: 0.05) mixed 
solution was prepared. Next, 500g NH4HC03 is dissolved in ion exchange water, and it is 4.5I. of volume. It 
adjusted to the temperature of 30 degrees C. It was dropped stirring the whole quantity of the lnCI3-SnCI4 
above-mentioned liquid for about 20 minutes in this water solution, precipitate was made to generate, and it stirred 
for 30 minutes further as it is. At this time, the last pH of reaction mixture was 4.5. Precipitate was collected, 
centrifugal filtration was performed, adding and washing ion exchange water, after dehydrating with a centrifugal 
separator, and centrifugal filtration was ended in the place which the conductivity of filtrate arrived at more than 
5000-ohmcm. Subsequently, after drying this precipitate at 1 00 degrees C overnight, at 600 degrees C, it calcinated 
for 3 hours, it ground, and 21 3g of ITO powder was obtained. The specific surface area of this powder is 38.8m2/g, 
the first [ an average of ] particle size is 0.023 micrometers, and specific resistance (green compact 50 kg/cm2) is 
1 .8. It was omegacm. When distilled water was made to distribute 1 .0g of this powder, supersonic vibration was 
given for 20 minutes and the leached moiety was analyzed, it is Cl:1 3ppm, ln:8ppm, and less than [ Sn:1 ppm ], and 
Na and K were not detected. Next, this ITO After having used the heat roll for vinyl chloride resin, kneading 2g of 
powder by 1 30 ** and pressing it in 0.3mm, when aging of the color under a high-humidrtyAemperature environment 
was examined by leaving it for 20 days under conditions with a% [ of humidity ] of 80, and a temperature of 60 
degrees C, it was checked that the color of resin changes at all and is stable. Moreover, what mixed 12g of this ITO 
powder in 40g (10% of resin solid content) of polyester coatings was put into the container, and it stirred for 20 hours 
using alumina-balls 100g of lOmmphi. After having used the wire bar, applying to polyester film with a thickness of 
75 micrometers and seasoning naturally to it after that, it dried for 5 hours and 90 degrees C of paint films with a 
thickness of 1.2 micrometers were formed. The haze value of this paint film was 8.8%, and surface electrical 
resistance was 7.6x1 03ohm/**. 

[0013] SnCI4 and 200g of 60wt% water solutions were added to lnCI3 solution prepared like example 2 example 1 , 
and lnCI3-SnCI4 (Sn/ln ratio: 0.3) mixed solution was prepared. On the other hand, 550g 2(NH4) C03 was 
dissolved in ion exchange water, and it adjusted to volume of 91., and the temperature of 5 degrees C. It was 
dropped for about 10 minutes, stirring the whole quantity of the lnCI3-SnCI4 above-mentioned liquid in this water 
solution, the hydrochloric acid was added further, and Last pH was adjusted to 2.0. It ground, after having collected, 
filtering and drying and calcinating precipitate at 400 degrees C for 8 hours like [ after carrying out temperature up of 
this mixed solution to 95 degrees C and riping for 30 minutes ] an example 1 , and 1 94g of ITO powder was obtained. 
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The specific surface area of this powder was 72.3m2/g, the first [ an average of ] particle size was 0.012 
micrometers, and specific resistance (green compact 50 kg/cm2) was 15-ohmcm. Moreover, the results of the 
ultrasonic elution test of this powder are Cl:44ppm, ln:7ppm, and less than [ Sn:1ppm ], and Na and K were not 
detected. The color of resin changes at all and was stable, when the high-humidityAemperature trial was performed 
after kneading and pressing in vinyl resin on the same conditions as an example 1 using this ITO powder. Moreover, 
the paint film with a thickness of 1 .4 micrometers was formed with the coating prepared on the same conditions as 
an example 1 using this ITO powder. The haze value of this paint film was 8.0%, and surface electrical resistance 
was 9.1x103ohm/**. 

[0014] SnCI4 and 66g of 60wt% water solutions were added to lnCI3 solution prepared like example 3 example 1 , 
and lnCI3-SnCI4 (Sn/ln ratio: 0.10) mixed solution was prepared. On the other hand, 1400g NH4HC03 was 
dissolved in ion exchange water, and it adjusted to volume of 9L, and the temperature of 95 degrees C. It is dropped 
for about 10 minutes, stirring the whole quantity of the lnCI3-SnCI4 above-mentioned liquid in this water solution, 
dilute hydrochloric acid is added further, and it is Last pH 6.0 It adjusted. Then, it ground, after having collected, 
filtering and drying and calcinating precipitate for 30 minutes at 950 degrees C like an example 1 , and 21 7g of ITO 
powder was obtained. The specific surface area of this powder was 25.6m2/g, the first [ an average of ] particle size 
was 0.029 micrometers, and specific resistance (green compact 50 kg/cm2) was 1.3-ohmcm. Moreover, the result 
of the ultrasonic elution test of this powder is Cl:6ppm, In and Sn are 1 ppm or less, and Na and K were not 
detected. The color of resin changes at all and was stable, when the high-humidity/temperature trial was performed 
after kneading and pressing in vinyl resin on the same conditions as an example 1 using this ITO powder. Moreover, 
the paint film with a thickness of 1 .2 micrometers was formed with the coating prepared on the same conditions as 
an example 1 using this ITO powder. The haze value of this paint film was 9.4%, and surface electrical resistance 
was 7.4x1 03ohm/**. 

[0015] SnCI4 and 3.3g of 60wt% water solutions were added to lnCI3 solution prepared like example 4 example 1, 
and lnCI3-SnCI4 (Sn/ln ratio: 0.005) mixed solution was prepared. On the other hand, 1400g NH4HC03 was 
dissolved in ion exchange water, and it adjusted to volume of 91., and the temperature of 95 degrees C. It is dropped 
for about 10 minutes, stirring the whole quantity of the lnCI3-SnCI4 above-mentioned liquid in this water solution, 
dilute hydrochloric acid is added further, and rt is Last pH 8.0 It adjusted. Then, it ground, after having collected, 
filtering and drying and calcinating precipitate for 30 minutes at 600 degrees C like an example 1, and 230g of ITO 
powder was obtained. The specific surface area of this powder was 25.6m2/g, the first [ an average of ] particle size 
was 0.029 micrometers, and specific resistance (green compact 50 kg/cm2) was 60-ohmcm. moreover, the result of 
the ultrasonic elution test of this powder - Cl:390ppm, ln:9ppm, and Sn:7ppm it is - Na and K were not detected. 
This ITO The color of resin changes at all and was stable, when the high-humidity/temperature trial was performed 
after kneading and pressing in vinyl resin on the same conditions as an example 1 using powder. Moreover, the 
paint film with a thickness of 1 .2 micrometers was formed with the coating prepared on the same conditions as an 
example 1 using this ITO powder. The haze value of this paint film was 9.4%, and surface electrical resistance was 
2.1xt04ohm/** 

[0016] They are NaOH and 250g about example of comparison 1NH4HC03. The coprecipitation reaction was 
carried out like the example 1 except having changed, the last pH at this time - 7.4 it was . Precipitate was 
succeedingly washed like the example 1, it dried and calcinated, and 220g of ITO powder was obtained. The 
specific surface area of this powder was 28.1 m2/g, the first [ an average of ] particle size was 0.029 micrometers, 
and specific resistance (green compact 50 kg/cm2) was 100-ohmcm. Moreover/the result of the ultrasonic elution 
test of this powder was Cl:0.2wt% and ln:0.05wt% and Sn:0.01wt%, and Na was 0.1wt(s)%. After kneading and 
pressing in vinyl resin on the same conditions as an example 1 using this ITO powder, when the 
high-humidityAemperature trial was performed, the color of resin was discolored a little green. Moreover, the paint 
film with a* thickness of 1 .4 micrometers was formed with the coating prepared on the same conditions as an 
example 1 using this ITO powder. The haze value of this paint film was 14.6%, and surface electrical resistance was 
9.7x1 04ohm/**. 

[0017] They are NaOH and 250g about example of comparison 2NH4HC03. The coprecipitation reaction was 
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carried out like the example 1 except having changed. The last pH at this time was 7.4. Then, precipitate was 
washed like the example 1 , after desiccation, it calcinated at 950 degrees C and 220g of !TO powder was obtained. 
The specific surface area of this powder was 4cm2/g, the first [ an average of] particle size was 0.25 micrometers, 
and specific resistance (green compact 50 kg/cm2) was 10-ohmcm. Moreover, the result of the ultrasonic elution 
test of this powder was Cl:0.12wt% and ln:0.05wt% and Sn:0.01wt%, and Na was 0.1wt(s)%. When the 
high-humidityAemperature trial was performed after kneading and pressing in vinyl resin on the same conditions as 
an example 1 using this ITO powder, the color of resin was discolored a little green. Moreover, the paint film with a 
thickness of 1 .4 micrometers was formed with the coating prepared on the same conditions as an example 1 using 
this ITO powder. The haze value of this paint film was 22.3%, and surface electrical resistance was 9.7x1 03ohm/**. 
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©*^fc±ISInCl3-SnCl 4 }(t0^«*ilH$bfttf6l5l 
O^KiTL, MfcWffll*jKinbT«RpH*8.0 ic» 
ILfc. SgfiSffl 1 fcH*teLTfcfc|RW*iaiK 

U itil. fgj&U 600°CT30^H^L/c:^i:^L 
X IT0^230g^:M/£o C C»m^.COttmmWt25. 6m2/ 

g, ^asuao29/t«-ffJ&t), ifcJSSUfflKMfcsoKg 

/cm 2 )t±6()QcinT-$)o/Co £fc, C CD^*C0S^^r§aj 
SS»©lfg*t±, Cl:390ppm, ln:9ppiu Sn:7ppm 

i fcisj— co^t% ^-^vmm^MmL-T-ruxLMk 



-r^STfe-DTc, ^fc, c©rra»5fc&/Bv\ h»ji 
t iwi-co^ff "t»mH Lfcmmic iot, ips i. 2 n v\<Dm 
m*&f&isito z<Dmm<o^~xmit9.4%-?&*), s 

ffiffi*rtkt2. 1 X 104 q /□ x*%> o fc 0 

[00 1 6 ] Jt^'J 1 
NH 4 HC0 3 ^rNa0H, 250g IC^W LfclXZUt'MMWl 1 ^IrU* 

fas. m&LTiwmn&20g%m?to comzxDttmw 

««28. lm2/g N ¥*3—&&gH:0. 029 /i JtJgSx 
(BE^50Kg/cm2)(±l00QcDiTfeofc o £fcx 
c0fflg®?§mK^C0lSma. Cl:0.2wt%, In:0.05wt 
%, Sn:0.01wt%. Na«0. lwt%-?&o fc D CtDITOffcfc 
ggj&SMl fcBMOfcttTs tr~;I/»|fiteiBIIL 

p m(Dmm*fc$.Lrzo c comm<D^—xmitu.6%x 

&K>. gffiffiJn[{i9.7X104Q/nTfeofCo 

[0 0 17] J£tfcW2 
NH 4 HC0 3 £rNaOH, 250g JC^HL^^ttHSSCT 1 fcH* 
{cLT«tfeKJS*HBfiL/fc 0 C<7)^^CDSHpHtt7.4T- 

Ls ^ft. 950°C-T?^LTIT0»)*220g^rlifc:o 
^*t T )l:t*ffilt«4cm2/g. ¥±fe)-^liSt±0. 25pmTfc 
Jtffita(ffi^f*:50Kg/cin2)iii0Qcm-efe-Dfc o SfcC 
O«a*<0iB«a»ffiWK<WIS*l4^ Cl:o. 12wt%, ln:0. 
05wt%. Sn:0.01wt%. NattO. lwt%T^ofc 0 dCOITO 

*U7UXL Tc^tc^lSSS^^fT 7£ t d 6 s 

V\ USSMi fcra— ©*frT?P«L fti^ic cfc -3 T, IS 
$ 1 . 4 p Lffco C CO^CO^- Xtt «22. 3 

roT-feD. Sffig;jn«9.7xi03Q/n-efe^fco 
[0 0 1 8] 

[^cD^m] *fgBJO)IT0)^*«. JtSSaCBETflt)^ 
10n2/gJW±, Jfcffitn^OQcmJWT. jff * U < t±itaffi« 
(BETtt)^25m2/gJ^± N itffi6t^l5Qciil^TTfe t) > C 

os^*^5^s ■&fc«ig-«f>^{±«nfcaws43 j; urn 



